Objective: Tower of London (ToL) is a planning ability task that includes multiple versions. The original ToL was developed by Shallice together with two scoring systems (ToL-SS). Another two ToL-SS were proposed by Anderson et al. and Krikorian et al. The purpose of this study is to provide normative data for four ToL-SS and explore the effects of demographic variables on ToL performance. Furthermore, we aimed to determine the discriminative validity of these ToL-SS in clinical samples. Method: Four groups were included in the study: a normative sample of healthy adults (HC; n = 298); patients with Parkinson's disease with mild cognitive impairment (PD-MCI; n = 52) and without cognitive impairment (PD-ND; n = 57); and patients with schizophrenia (SCH; n = 28). The effects of demographic variables on ToL-SS were examined in the HC group. Between-groups comparisons of ToL-SS were conducted using regression analysis with dummy codes. Results: All four ToL-SS were not significantly affected by age, whereas the effect of gender and education is not consistent. ToL-SS significantly (p < .05) differentiate HC from PD-MCI and SCH. Cohen's effect size coefficients d range from 0.68 to 1.29. Internal consistency coefficients (Cronbach's α) of ToL-SS range from 0.33 to 0.60. Conclusions: Despite poor to questionable internal consistency of ToL-SS, the discriminative validity and clinical utility for assessing planning deficits in PD-MCI and SCH are high. This study provides normative standards for all four ToL-SS on an adult population for use in clinical practice.
Introduction
Tower of London (ToL) is an executive function task utilized primarily to assess planning ability and was originally developed by Shallice (1982) as a modification of the Tower of Hanoi (Nitschke, Kostering, Finkel, Weiller, & Kaller, 2016; Shallice & Burgess, 1991; Unterrainer & Owen, 2006) . Since then, several versions of the original ToL task have been developed (Culbertson & Zillmer, 2005; Kafer & Hunter, 1997; Schnirman, Welsh, & Retzlaff, 1998; Ward & Allport, 1997) . These test versions may differ in a substantial or minor way from the original ToL in a number of aspects, for example, physical appearance of the apparatus (real vs. computer simulation), administration, scoring, number of items included and so forth (for a review, see Berg, Byrd, McNamara, & MacDonald, 2006; Unterrainer, Rahm, Halsband, & Kaller, 2005) .
There is evidence in the ToL-Freiburg version confirming the relationship between (ToL-F) task difficulty and different structural problem parameters (minimum number of moves, search depth, goal hierarchy), ToL instruction (e.g., Debelak et al., 2016; Kaller, Unterrainer, & Stahl, 2012; Unterrainer, Rahm, Leonhart, Ruff, & Halsband, 2003; Unterrainer et al., 2005) or age (Kostering, Stahl, Leonhart, Weiller, & Kaller, 2014) . However, there is no information regarding the development of the original ToL scoring systems and their influence on the psychometric properties of the instrument. More specifically, for the original ToL version, there are at least four main scoring systems (ToL-SS). Two of them were originally proposed by Shallice (1982; see Michalec et al. 2014 for details) the other two by Anderson, Anderson, and Lajoie (1996) and Krikorian, Bartok, and Gay (1994) . These scoring systems evaluate planning ability according to the time needed for a correct solution, trials needed for a correct solution or a combination of both. Furthermore, there is evidence that planning decrements in older age are brought about by fluid abilities and WM capacity, and normal aging seems to be specifically sensitive to planning demands on the depth of search in ToL (Kostering, Leonhart, Stahl, Weiller, & Kaller, 2016; Kostering et al., 2014) . From a clinical point of view, analyzing these different aspects of ToL performance makes a more subtle interpretation of the respective planning deficit possible, that is, considering the speed of processing or planning accuracy and so forth (Anderson et al., 1996) . However, in comparison to ToL-F, ToL-SS have not yet been compared with respect to their clinical utility and discriminative validity in clinical populations nor have they been cross-validated in different cultural backgrounds other than English (Kostering, McKinlay, Stahl, & Kaller, 2012; Kostering et al., 2015) .
Furthermore, demographic characteristics known to influence ToL performance are known in the ToL-Drexel version (ToL-DX) and ToL-F (Culbertson & Zillmer, 2005; Kaller et al., 2016) ; for meta-analysis of different tower tasks, see Sullivan, Riccio, and Castillo (2009) . However, ToL-SS have not been scrutinized enough regarding their variability depending on age, education, gender, or other demographic characteristics in large samples.
Normative data are of critical importance for the meaningful interpretation of the test scores and clinical utility of the instrument (Dubois et al., 2007; Lezak, Howieson, Bigler, & Tranel, 2012; Mitrushina, Boone, Razani, & D'Elia, 2005) . Normative data for the original ToL have been published only for some specific populations: a pediatric population or young adults (Anderson et al., 1996; Krikorian et al., 1994 ) and a population of women ages 56-67 years old (Clark et al., 2004; Lee, Anderson, Dennerstein, Henderson, & Szoeke, 2013) . Moreover, these normative data always focus just on one ToL-SS and on some additional scores that partly overlap with other scoring systems, for example, the number of failed attempts in Anderson and colleagues (1996) and Lee and colleagues (2013) , studies that partly overlap with the Krikorian and colleagues (1994) approach.
Furthermore, the literature on culturally diverse populations for ToL-SS is not available or exists in different versions (Culbertson & Zillmer, 2005; Kaller et al., 2016; Sullivan et al., 2009) . Similarly, the literature in a clinical context that previously examined the discriminative validity of ToL is based on different versions than the original, for example, the French version in dementia of Alzheimer's type (Rainville et al., 2002) or ToL-F in patients with strokes, Parkinson's syndrome, and with mild cognitive impairment (Kostering et al., 2015) or ToL-DX in ADHD (Culbertson & Zillmer, 1998; Riccio et al., 2005) .
The first aim of the present study is to provide normative standards for all four basic ToL-SS and to determine their relationships to demographic characteristics. Second, the discriminative validity of the ToL-SS was determined in patient groups demonstrating cognitive deficits, including executive dysfunction (Parkinson's disease [PD] with and without mild cognitive impairment and schizophrenia).
Method

Study Participants
The healthy control group (HC) was non-randomly recruited from community-dwelling volunteers via advertisements. Participants were recruited as part of a project funded by the Grant Agency of Charles University in Prague (GAUK). Two hundred and ninety-eight participants met the following inclusion criteria. They had no history of brain damage, psychiatric illness, chronic drug or alcohol abuse, or any medical illness that could affect neurocognitive function. Their objective cognitive abilities tested by the Czech version of Mattis Dementia Rating Scale 2 (DRS-2; Jurica, Leitten, & Mattis, 2001 ) fell within the normal range (not below −1.5 SD). Their score on the Beck Depression Inventory, Second Edition (Beck, Steer, & Brown, 1996) was below 13 points and functional activities were intact, as based on a Functional Activities Questionnaire below 5 points (Bezdicek, Stepankova, Martinec Novakova, & Kopecek, 2016; Pfeffer, Kurosaki, Harrah, Chance, & Filos, 1982) . The demographic characteristics of HC are listed in Table 1 .
The first clinical group consisted of 28 outpatient patients with schizophrenia (SCH) from the Department of Psychiatry at the University Hospital of Ostrava. They underwent a psychiatric evaluation using the Positive and Negative Syndrome Scale (Kay, Fiszbein, & Opler, 1987) and the Personal and Social Performance Scale (Morosini, Magliano, Brambilla, Ugolini, & Pioli, 2000) . Demographic and clinical characteristics of the SCH group are listed in Table 1 . Moreover, a comprehensive neuropsychological battery sensitive to attention, speed of processing, working memory, executive function, and memory was administered. All 28 SCH patients had cognitive deficit operationalized as a performance below −1 SD on at least two measures of the battery.
The second clinical group consisted of 109 patients with PD treated at the Department of Neurology, Charles University and the General University Hospital in Prague. The included PD patients satisfied the Clinical Diagnostic Criteria of the UK Parkinson's Disease Society Brain Bank and were in the "on" state (a stage with good response to medication characterized by minimal dyskinesias and fluctuations; Lees, 1989) at the time of evaluation. Testing PD patients in the "on" state is important since ToL administration contains a motor component for moving the beads and the influence of dyskinesias should be minimalized to preserve the validity of the assessment (Janvin, Aarsland, Larsen, & Hugdahl, 2003) . None of the patients were experiencing delirium or suffered a depressive disorder, dementia or any other abnormalities simultaneously with PD that would question the diagnosis of PD at the time of evaluation. According to their objective cognitive abilities measured by the Czech DRS-2 and Litvan et al. (2012) Level I criteria (i.e., an abbreviated assessment that is based on a scale of global cognitive abilities validated for use in PD), patients with PD were divided into two groups: PD patients with mild cognitive impairment (PD-MCI) with DRS-2 <140 points based on the Czech normative data for DRS-2 and previously validated cutoffs for the differentiation of PD-MCI, and PD patients without cognitive deficit (PD-ND) . Demographic and clinical characteristics of PD-MCI and PD-ND group are listed in Table 1 .
Procedures
All participants were instructed in the aims and procedures of the study and provided a signed informed consent approved by the local medical ethics committee. They underwent standard administration of DRS-2 and ToL.
ToL (Shallice, 1982 ) is a three-dimensional apparatus composed of three pegs of different heights and three beads of different colors (red, green, and blue). A specific number of beads can be put on each of the pegs. The examinee is asked to move the beads from a starting arrangement of the beads on the pegs, which is always identical and proceeds to the target arrangement printed on cards presented by the administrator, using a restricted number of moves. For a detailed description of the apparatus and administration, see Michalec et al. (2014) . ToL-SS are described later. All ToL items are presented in Supplementary material online, Table 7 . 
Notes: Education is qualitatively divided into three levels reflecting Czech educational system. Lower = 8-12 years of education preparing for handicraft jobs; moderate = more or less equivalent to college level; higher = university education. UPDRS-III = Unified Parkinson's Disease Rating Scale, Part Three; LED = total daily levodopa equivalent dose in the PD group; ChED = total daily chlorpromazine-equivalent dose in the SCH group; PANSS = Positive and Negative Syndrome Scale; PSP = Personal and Social Performance Scale.
There are four ToL-SS. Two of them were originally proposed by Shallice (1982) , Systems 1 (SH1) and 2 (SH2). Alternative systems were offered by Anderson and colleagues (AN; and Krikorian and colleagues (KR; 1994) . These scoring systems of the ToL are presented in detail in Table 2 .
Statistical Analysis
The variables of interest involved total scores of SH1, SH2, AN, and KR. Each total score is a sum of scores assigned to each of 12 items. ToL-SS differ with respect to the variability of scores attainable for an item, and thus on the variability of the total score. In the SH1 system, 0 or 1 point can be awarded for an item; 0-3 points in SH2; 0-9 in AN; and 0-3 in the KR system.
The distributions of all variables were negatively skewed. We reflected each variable and performed a square-root data transformation (Tabachnick & Fidell, 2007) , after which the values, with the exception of AN scores, were still not normally distributed (SH1: Shapiro-Wilk test, W = 0.958, p < .001; SH2: W = 0.983, p = .001; AN: W = 0.994, p = .360; KR: W = 0.982, p = .001), though this did help to improve the skewness (original range: −0.271 to −0.748; changed to 0.052 to −0.278). The following analyses were performed using reflected and square-root-transformed data if it not stated otherwise.
Parametric methods of the t-test, Pearson correlation, ANOVA, and multiple regression analysis with dummy variables were used to evaluate the relationship of square-root-transformed test scores to demographic variables of age, gender, and education. These analyses exploring the effects of demographic variables were only performed on the HC group.
To provide normative data, total raw scores of each ToL-SS were converted into quantiles and corresponding z-scores using Rankit's formula (Tabachnick & Fidell, 2007) . In the next step, z-scores were converted into normalized scaled scores (M = 10, SD = 3).
Because the effects of demographic variables were neither large nor consistent across all ToL-SS, we decided to provide norms without correcting for demographic variables. Such a correction would mean a substantial reduction in many subjects on which norms are based and in turn increase the standard error of the mean. However, in Supplementary material online, Table 8 , we provide corrected normative values for those ToL scores in which demographic variables have significant effect sizes. These corrected normative values are still based on relatively large groups. To evaluate the discriminative validity of four basic Notes: Scoring system SH1 records the number of items (out of a total 12) solved at the first attempt and in <60 s. The maximum possible score in this system is thus 12, whereas the minimum is 0. The system SH2 assigns points per item depending on how quickly each item was correctly solved and regardless of which attempt in the sequence it was (the number of attempts for an item is not restricted). According to AN scoring system, points are assigned based on the time needed for a solution of an item. Then, the number of unsuccessful trials is subtracted from the number based on the time needed for the solution of an item. If for example, respondent solves an item only at the fourth attempt and the solution time is 52 s, he or she obtains two points for the item, that is five minus three. System KR assigns points only according to the number of trials needed for the successful solution of an item. This scoring system requires a slight change in administration in which the trials are not terminated after 1 min, but only after the third unsuccessful trial for an item.
ToL-SS, total raw scores of the HC group and all clinical groups (PD-MCI, PD-ND, and SCH) were converted into scaled scores (Table 4 ). An analysis of the discriminative validity of each ToL-SS (i.e., of their potential to differentiate between HC and clinical groups) was performed on these converted data. One-way ANOVA was used to test differences between four groups. Regression analysis with dummy variables was used as a post hoc test. Multiple analyses were conducted (one for each ToL-SS). Three dummy variables were coded to compare each of three clinical groups to the HC group, which served as the reference group. The dummy variable to test the difference between HC and PD-MCI was coded: PD-MCI = 1 and other groups = 0. The dummy variable to test the difference between HC and PD-ND was coded: PD-ND = 1 and other groups = 0. The dummy variable to test the difference between HC and SCH was coded: SCH = 1 and other groups = 0. We put all three dummy variables through regression analysis as independent variables. We included ToL-SS in the analysis as dependent variables. The advantage of using scaled scores compared to raw score for our analysis was firstly the normalization of score distribution in clinical groups with higher prevalence of extreme values and secondly, standard scores provide better comparison standards than raw scores for the measurement of planning deficits (in accordance with the ToL-DX; Culbertson & Zillmer, 2005) .
The internal consistency of ToL-SS was explored using Cronbach's coefficient α. There were 12 items in all four ToL-SS to be scored. The variability of attainable scores for an item differed among ToL-SS, as was mentioned earlier.
Pearson correlations and exploratory factor analysis (principal component analysis; PCA) were used to examine the shared variance of ToL-SS. The criterion of Eigen values >1.0 was used to determine the number of factors extracted.
The level of statistical significance α for all analyses was set at 5%. All analyses were conducted using IBM SPSS 20.
Results
Descriptive Statistics ToL Performance
Means, standard deviations, and ranges of ToL-SS raw scores for each group are listed in Table 3 .
Relationship with Demographic Variables
We found no significant correlation between any of the four ToL-SS and age: SH1: r(298) = −.11, p = .066; SH2: r(298) = −.06, p = .269; AN: r(298) = −.06, p = .295; KR: r(298) = −.11, p = .069.
The effect of gender was observed on two of the ToL-SS. Men performed significantly better in SH1 (t(296) = 3.80, p < .001; Cohen's d = 0.44) and KR (t(296) = 3.28, p = .001; d = 0.38) scores. There was also a trend from small to medium effects in SH2 (t(296) = 1.61, p = .109; d = 0.19) and AN score (t(296) = 1.78, p = .077; d = 0.21)
We found no significant effect from education level (lower, moderate, and higher) on SH2 (F(2, 295) = 1.37, p = .256, adjusted R 2 = .00) and AN scores (F(2, 295) = 2.26, p = .106, adjusted R 2 = .01), whereas in SH1 (F(2, 295) = 5.49, p = .005, adjusted R 2 = .03) and KR scores (F(2, 295) = 9.20, p < .001, adjusted R 2 = .05) subjects with lower education were significantly outperformed by subjects with moderate (SH1: d = 0.31; KR: d = 0.46) and higher education (SH1: d = 0.50; KR: d = 0.61). There was no significant difference in any of the ToL-SS between subjects with moderate and higher education.
To inspect the interactions of demographic variables, we split the sample into thirds based on age groups (19-47, 48-60, over 60 years old) and used four separate 3 × 3 × 2 ANOVA (Age × Education × Gender). Besides the above reported main effects, we found no interactions. 
Normative Data
Before conversion to scaled scores, data from four ToL-SS were normalized using Rankit's formula. Skewness/kurtosis after normalization was: SH1 = 0.15/−0.59; SH2 = 0.05/−0.33; AN = 0.01/−0.29; KR = 0.05/−0.42. See normative data without demographic correction (Table 4) and normative data for SH1 and KR systems demographically corrected for gender or education in Supplementary material online, Tables 8 and 9 .
Discriminative Validity
Using four-level one-way ANOVA, we observed significant differences in all ToL-SS between all four groups. The F(3, 431) values were: 10.16 for SH1; 24.29 for SH2; 31.18 for AN; 17.86 for KR. All ps were <.001. Table 4 presents the results of the post hoc multiple comparisons using regression analysis with dummy variables. The R 2 values were: 0.07 for SH1; 0.14 for SH2; 0.18 for AN; 0.11 for KR. Compared to the HC reference group, all three clinical groups have a significantly lower scaled score in all ToL-SS. The magnitude of the difference between means of the clinical groups and the NC group on a given ToL-SS is expressed by the standardized Cohen's effect size coefficient d. The unstandardized regression coefficient B represents the difference between scaled score means of the clinical groups and the NC group on a given ToL-SS. Mean of the NC group is 10 (i.e., mean of scaled score) in all ToL scores (Table 5) .
Internal Consistency
Cronbach's coefficient α was 0.33 for SH1; 0.60 for SH2; 0.55 for AN; and 0.39 for KR. The results reflect the low internal consistency of ToL-SS, especially of scores based primarily on a number of attempts for a task (i.e., SH1 and KR). 
Inter-Correlations and Factor Analysis of ToL-SS
Pearson's correlation coefficients exploring the relationship between ToL-SS are listed in Table 6 . All ps <.05. The conducted PCA yielded a one-factor ("planning") solution with Eigen values >1.0 and explaining 73.3% of ToL-SS variance. Factor loadings of all four ToL-SS were >0.80.
Discussion
The aim of the study was to determine the relationship between ToL-SS and demographic characteristics and to provide normative standards for all four basic ToL-SS. The further the aim was to explore the discriminative validity of the ToL-SS
Relationship with Demographic Variables
In the present study, we explored the effect of demographic variables such as age, education, and gender on planning ability based on four commonly used ToL-SS. In our sample with a large range of age, we found no significant effect of age on any of ToL-SS, which is discordant with the findings of an overall age-related decline in ToL-F (Kostering et al., 2014) . We suppose that these results may be related to differential search depth (high vs. low) in ToL compared to ToL-F, which were not analyzed in the present study. Gender and education affect some of the ToL-SS, that is, those based only on a number of attempts needed for a correct solution to one item (SH1 and KR). Subjects with moderate or higher education (the equivalent of college and higher) needed fewer attempts for a correct solution than women or people with lower (elementary and vocational) education. Since ToL-SS based on the time required for a correct solution or combining both time and the number of attempts required (SH2 and AN) were not affected by either gender or education, the differences found in SH1 and KR might just reflect a different strategy for the solution chosen by women and people with lower education. Since there is evidence that planning abilities are mediated by a differential nonlinear pattern of impairments in fluid abilities and working memory in aging (Kostering et al., 2014) , these differences may also reflect their contribution to anticipatory processes, that is, number of attempts in SH1 and KR.
The administration instructions do not give an indication whether the respondent should aim for a quick or for a correct solution. Women and people with lower education may prefer more and contemporarily quicker attempts (less thought through) than men and people with higher education. Although the effect of education is not surprising, the effect of gender might be culturally specific, because Krikorian et al. (1994) found no difference between young men and women. We hypothesize that in Czech culture and the Czech educational system there might be set stereotypes that place more pressure on boys and men to act thoughtfully, that is, "rationally", whereas girls and women are allowed to look for more intuitive solutions. This might result in slightly different choices of solution strategies by men compared women as seen on SH1 and KR scores. However, one needs to take into account that ToL problem performance is multifaceted. The solution strategy is influenced by solution efficiency, solution speed, and initial planning speed and the problem difficulty by goal position hierarchy, start position hierarchy, and the number of solution paths available (Berg, Byrd, McNamara, & Case, 2010; Hinz, Kostov, Kneißl, Sürer, & Danek, 2009 ). In conclusion, all these factors may interact with gender and education in SH1 and KR. Overall, these results are important for interpreting ToL. The present study shows from the point of cross-cultural validity that ToL interpretation is to a certain degree dependent on the ToL version, scoring systems and population in which the data were collected, that is, it uncovers the diversity aspect of this instrument (Pedraza & Mungas, 2008) .
Normative Data
Furthermore, we provided normative tables for conversion of all four basic ToL-SS raw scores to scaled scores. We presented both demographically corrected normative data on smaller groups, and since effects of demographic variables were neither high nor consistent across all ToL-SS, we also provided norms without demographic correction on the whole sample. Clinicians may use both for more accurate differential reasoning.
Discriminative Validity
This study also explored ToL-SS on their discriminative validity. From the statistical point of view, SH2 and AN scoring systems detect planning impairment in PD-MCI and SCH better than KR and, especially, SH1 systems, although we did not observe marked differences between ToL-SS. All ToL-SS significantly discriminate PD-MCI and SCH groups from the HC group, confirming the results of previous studies with different versions of ToL (Kostering et al., 2012 (Kostering et al., , 2015 . Combining our results and clinical point of view, we would recommend using SH2 with KR for clinical practice. We recommend SH2 and KR, although the AN system has slightly better discriminative potential. Since AN combines scoring based on time and the number of attempts needed for a correct solution, it may be at a disadvantage. To use AN as the only system in practice does not allow for a more subtle analysis of planning ability or deficit, especially the speed of processing (time) and planning accuracy (number of attempts). To use AN in combination with other system means more redundant information than any other combination of two systems would mean, as is revealed from the ToL-SS inter-correlations. Moreover, we do not recommend using SH1 in combination with SH2 instead of KR, because SH1 has a low variability of attainable scores for an item-just 1 or 0 as examined pass an item at the first attempt-and thus do not allow for a more detailed evaluation of planning accuracy.
The comparable discriminative potential of all ToL-SS is also not surprising regarding the high inter-correlations of TOL-SS and the results of PCA. The extracted one-factor solution explains a high percentage of ToL-SS variance. The factor loadings of all four ToL-SS are also comparably high. This means that a major part of all ToL-SS variance is due to some abilitypresumably planning ability because KR is totally and SH1 substantially independent of the speed of processing. These results are in accordance with ToL-F .
Internal Consistency
The final psychometric analysis of ToL-SS to mention is that of internal consistency. Values of Cronbach's coefficient α are rather low in all ToL-SS. In our opinion, this fact reflects the non-consistent difficulty of ToL items in comparison to ToL-F . For example, the number of minimum moves needed for an item solution varies from two to five and there are probably more factors that affect variable difficulty of 12 ToL items, for example, it turned out that, contrary to expectation (Culbertson & Zillmer, 1998; Newman, Carpenter, Varma, & Just, 2003) , the minimal number of moves is not an adequate measure of the difficulty of an item (Kaller, Rahm, Bolkenius, & Unterrainer, 2009; Kaller, Unterrainer, Rahm, & Halsband, 2004) . Based on previous studies, the difficulty of items may depend not only on the length but also on the quality of the solution path (Hinz et al., 2009; Kaller, Rahm, Spreer, Mader, & Unterrainer, 2008; McKinlay et al., 2008) , or on the number of different optimal solutions (Hinz et al., 2009; Newman et al., 2003) . As a result, the structure of ToL items is not homogenous, as is reflected by low values of internal consistency.
It should also be emphasized that the rather low to acceptable internal consistency of ToL-SS questions its reliability. The clinician should be cautious in the interpretation of deviations from the normative mean (for a comparison of the internal consistency of different versions, see Kaller et al., 2012 Kaller et al., , 2016 . Especially in the interpretation of slight deviations, which might be a more likely consequence of measurement error. Values of Cronbach's α highlight the preference of the SH2 scoring system for clinical practice since it has the highest alpha value. We should not forget that item selection procedures aimed solely at increasing the reliability of the test may result in a decrease in validity, that is, in the "attenuation paradox" (Loevinger, 1954) . The level of the internal consistency coefficient should not be the sole measure of the reliability of the instrument. We also conclude, based on the earlier results regarding discriminative validity, that Shallice's version of ToL has proven sufficient reliability for detecting substantial deficits in planning ability as represented by the PD-MCI or SCH group. In need of ToL with higher (or comparable in SH2) reliability coefficients for more subtle differentiation in planning, a revised version has been developed by Schnirman and colleagues (1998) as well as by Kaller and colleagues (2012) , which has shown to possess an adequate internal consistency and split-half reliability (>0.7) Kostering et al., 2015) .
Limitations of the Study
The following limitations of the present study must be stated. First, the number of subjects in the normative sample limits more detailed demographically corrected normative data (e.g., providing data just for low educated women). The normative sample is also relatively small regarding age span, especially subjects above the age of 65. Second, non-random sampling is also a limitation of our normative data. Furthermore, the frequency of subjects in respective educational groups (lower, moderate, and higher) or age distribution in the normative sample are not representative of the Czech population, which might be considered a limitation as well. Third, DRS-2 is typically not a difficult measure for healthy controls with a high cognitive reserve, which could lead to false-negative errors or a ceiling effect. We hope that this limitation was minimized by the fact that these healthy participants also had to fulfill inclusion criteria to participate in the study and that their performance was evaluated on the basis of Czech normative data (Bezdicek et al., 2012) . Fourth, the generalizability of findings regarding the between-group differences might be limited due to the high percentage of males in clinical samples and due to the small sample size and wide age span of the SCH group. SCH subjects may, due to age heterogeneity, represent patients at different stages and therefore limit the generalizability of the results. On the other hand, the theory that the duration of schizophrenia positively correlates with worsening of cognitive performance is still controversial (Shmukler, Gurovich, Agius, & Zaytseva, 2015) . Fifth, all participants were of Czech origin, which might limit the generalizability of the findings as well. However, to our knowledge, there is no similar study that would allow us to compare and elucidate culturally specific factors that would affect our findings.
Conclusion
In conclusion, to the best of our knowledge, this is the first study co-norming all four basic ToL-SS on an adult population with diverse demographic characteristics and, as such, might be particularly useful for clinicians, even more, since this version of the ToL is in the public domain. The present study also compares ToL-SS based on their clinical utility. All ToL-SS were found to be useful for detecting planning impairment in patients with PD-MCI or schizophrenia. Based on the results of the present study, we recommend using SH2 and KR systems in clinical practice.
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